As education communities grow more interested in STEM (science, technology, engineering, and mathematics), schools have integrated more technology and engineering opportunities into their curricula. Makerspaces for all ages have emerged as a way to support STEM learning through creativity, community building, and hands-on learning. However, little research has evaluated the learning that happens in these spaces, especially in young children. One framework that has been used successfully as an evaluative tool in informal and technology-rich learning spaces is Positive Technological Development (PTD). PTD is an educational framework that describes positive behaviors children exhibit while engaging in digital learning experiences. In this exploratory case study, researchers observed children in a makerspace to determine whether the environment (the space and teachers) contributed to children's Positive Technological Development. N = 20 children and teachers from a Kindergarten classroom were observed over 6 hours as they engaged in makerspace activities. The children's activity, teacher's facilitation, and the physical space were evaluated for alignment with the PTD framework. Results reveal that children showed high overall PTD engagement, and that teachers and the space supported children's learning in complementary aspects of PTD. Recommendations for practitioners hoping to design and implement a young children's makerspace are discussed.
INTRODUCTION
In the US and abroad, formal and informal learning spaces are becoming progressively more technology-rich and oriented toward STEM (science, technology, engineering, and mathematics) learning and 21 st century skills development (Bellanca, 2010; Breiner et al., 2012; Burke, 2014; Chang et al., 2015; National Research Council, 2013) . As digitally-enriched learning approaches become more prevalent in education, schools are investing more money into dedicated STEM learning spaces and classrooms (Wang et al., 2016) . It is urgent to understand the learning benefits of these novel learning spaces and materials. New advances in educational research have identified computational thinking practices, 21 st century skills, and technological literacy as content-specific learning outcomes that students are developing in these new learning environments (Bers, 2018; Bellanca, 2010; Bybee, 2000; Dakers, 2006) . However, in addition to STEM content knowledge, research emphasizes the importance of developing character skills associated with this pedagogical shift towards technology integration, including collaborative problem-solving, design and inquiry cycles, and STEM identity development (Bers, 2012; Minner et shown the potential to enhance 4-and 5-year-old children's self-reflection, science inquiry, creativity, peer-to-peer socialization, and verbal conversation (Clements and Sarama, 2003; Flether-Flinn and Gravatt, 1995; Yelland, 2005) . Bers suggests that the best way to foster these kinds of healthy experiences with technologies is to consider the context and purpose of technology exposure and connect to other domains and activities that are healthy for children (Bers, 2012) . For example, screen-free coding tools like the KIBO robotics kit can engage children in physical coding activities that foster gross-motor coordination, and open-ended tools like the ScratchJr programming environment can present coding as an expressive medium to promote story-telling and artistic development (Bers, 2018; Pea and Kurland, 1984; Resnick, 2006; Wyeth, 2008) .
Recently, work on educational technology has focused on informal learning environments as promising spaces for supporting learners' personal and social growth through novel STEM experiences (Honey and Kanter, 2013; Bers, Strawhacker, and Vizner, 2018; Syvertsen and Pigozzi, 2010) . For example, makerspaces, often located in schools and libraries, are collaborative workspaces with a variety of novel and traditional building tools (e.g. 3D printers, laser cutters, woodworking equipment), that allow learners to work on personally meaningful projects within a community of peers and mentors (Honey and Kanter, 2013) . Developmentally appropriate environments, collaborative technology arrangements, and support resources (e.g. staff people, reference materials) are all design elements of a learning space that can maximize children's positive interactions with novel digital tools (Antle and Wise, 2013; Bers, 2012; Bers et al., 2018; Syvertsen and Pigozzi, 2010) . Makerspaces have been identified as community spaces that can support apprentice-mentor relationships, promote democratization of knowledge, and foster community engagement (Blikstein and Worsley, 2014; Kafai, Peppler, and Chapman, 2009; Rajala 2016; Sheridan et al., 2014) . This is because makerspaces are designed to allow a variety of experimental and learnerdriven approaches to design-oriented tasks with novel tools, so they welcome a diversity of learning styles while also supporting conventional engineering and technologist practices (Kafai et al., 2009; Syvertsen and Pigozzi, 2010) . This distributed expertise across all members of the group (rather than just one educator) can also address challenges of unconfident teachers who are uncertain about how to teach new technologies and skills Litts, 2015) . Learning theorists in the Vygotskian tradition would call makerspaces sites of sociocultural learning, since they foster a community of individuals with shared interests, whose relationships evolve over time as they each pursue diverse expertise (Cole, 1996; Lave and Wenger, 1991; Lemke, 2001; Leontiev, 1978; Vygotsky, 1963) . In other words, makerspaces can support interpersonal and intrapersonal development, providing children opportunities to cultivate a strong personal identity through building, maintaining, and leading their community. In this study, we investigate the affordances of a makerspace for supporting children's psychosocial development and measure their developmental outcomes through the lens of the PTD framework, described in the next section.
Positive Technological Development (PTD)
Positive Technological Development is a framework to evaluate the learning that happens in informal learning environments, when children engage in digital experiences (Bers, 2012) . PTD is rooted in Seymour Papert's pioneering work on Constructionism, a theoretical approach concerned with the unique meta-cognitive learning opportunities afforded by computer programming (Papert, 1980) . Papert argued that when children code, they create digital "microworlds," or virtual spaces where they have programmed all the rules and behaviors in that world. When creating (and testing, and breaking) these programmatic rules, children can learn about how the real world works, and also about their own thinking processes (Papert, 1980) . PTD also draws on research from the field of Positive Youth Development, which focuses on how to foster positive and pro-social developmental outcomes in children and young adults (Lerner et al., 2003) . The purpose of the PTD framework is to apply development science to inform our understanding of how children can "use technology to make positive contributions to the development of self and of society" (Bers et al., 2009, pg. 22) . In practice, PTD serves as a flexible, interventionist framework for educators to design and evaluate curriculum in a variety of early childhood settings to support children's positive engagement with digital experiences and for designers of technologies to develop positive technical affordances. In the current study, PTD was used to guide the design of the makerspace where the study took place as well as the observational data collection measures. The six behaviors of the PTD framework, or the "6 Cs" are the main constructs of interest (Bers, 2012) . In the next section, each of these six aspects of PTD is described in detail.
PTD is evidenced by six positive behaviors that children exhibit when engaging in developmentally appropriate digital explorations (Bers, 2012) . These include three intrapersonal skills of content creation, creativity, and choices of conduct, and three interpersonal skills of communication, collaboration, and community building (see Figure 1 ) (Bers et al., 2009) . PTD behaviors are evidence that children are developing positive character assets and can be supported by technology-rich classroom activities.
Intrapersonal skills in PTD are related to a child's self-regulation and personal growth (Bers, 2012) . By engaging deeply with expressive technologies and media, children can engage in rich personal exploration. Content creation is a child's ability to fluently use tools and materials to create new artifacts or meaningfully alter existing ones. This skill is related closely to a child's sense of competence, or their ability to persevere towards their goals by engaging in a design process (Bers, 2012) . Creativity refers to a child's flexibility, imagination, and interpretive skill. Creativity is evident when a child has confidence in her own ideas and believes that her perspective is worth expressing through her created work (Pugnali et al., 2017) . Choices of conduct relate to a child's personal sense of morality, typically exhibited through their decision making. This skill is correlated with the development of character (Bers et al., 2009 ). Children who demonstrate strong and consistent choices of conduct often cultivate technological expertise and digital literacy through their dedication and hard work (Kazakoff, 2014) .
The interpersonal skills relate to children's ability to cultivate relationships and emotional connection with others. PTD advocates for a technological landscape with diverse communication media (e.g. text, voice, image) specifically to help children forge positive connections with others. Communication refers to children's ability to share ideas and interpret the work of others and is connected to a child's sense of caring about people other than themselves. Collaboration extends shared ideas into shared action, through organized systems of coordinated design. The ability to collaborate is a key developmental milestone for young children and signifies their developing sense of mutual connection with others (Bers, 2012; Vygotsky, 1973) . Finally, community building represents an integration of the other assets supported by PTD, as children can channel their personal and social skills to form caring networks of collaborators in both digital and physical spaces. Community building through technology might involve using technology to design a tool to help others, or creating and participating in a virtual community. Community building in PTD represents the child's ability to use design skills to contribute meaningfully towards the good of the community.
All of these skills combine to form children's holistic psychosocial development. The PTD framework is useful for effecting positive outcomes through technology (Bers, 2012) . In the next section, we summarize research findings on the effectiveness of PTD as an interventionist framework.
Prior Research with PTD
Because it is an interventionist approach, the PTD framework has been applied to designing and evaluating curricula, environments, and technologies for children. The ScratchJr programming app (Flannery et al., 2013) , the KIBO robotic kit (Sullivan et al., 2015) , the ZORA Virtual World for medical communities (Bers and Cantrell, 2012) , and several early childhood makerspaces have all been designed with PTD constructs and recommendations in mind. It is important to consider the design of learning spaces, as spaces can impact children's learning in same way that teachers can Brooks, 2011; Strong-Wilson and Ellis, 2007) . Additionally, teachers face challenges of preparedness and lack of confidence when introducing new technologies (Banas, 2010; Bers et al., 2013; Mumtaz, 2000) . Researchers have found that teachers can be wary of integrating new technologies into their practice and are sometimes not confident to try hands-on learning experiences with the tools themselves . In this study, we explore how a makerspace can support children's PTD engagement, even in ways that a teacher may not be able to.
Design elements of PTD-aligned tools and spaces include leveraging children's intuitive understanding and developing knowledge about the world, creating child-directed experiences, allowing children to learn about technology as they use it, and ensuring that the environment and context of the holistic education experience align with the goals of introducing the technology (Bers, 2012; Strawhacker et al., 2015) . Tools should be responsive, with clear indicators of where to touch, and should offer creative opportunities to children to build digital artifacts of their own design (Bers, 2012) . Environments should offer technologies at a child's eye-level, with room to play and space to work, and flexibility to let children shape the space to their own needs (Bers, Strawhacker, and Vizner, 2018) . Tools designed with these features in mind show consistently high engagement and enthusiasm from child users (Bers and Cantrell, 2012; Bers et al., 2018; Flannery et al., 2013; Sullivan et al., 2015) .
PTD is also used to evaluate learners' psychosocial outcomes. In an early study of PTD engagement in 186 adolescent youth, Bers et al. (2009) found high correlations between their PTD behaviors and students' fully developed character assets, confirming the relationship between PTD and psychosocial development. Bers et al. (2009) also recommended including ethnographic descriptions of children's behaviors, to contextualize general measures of PTD engagement. In another study researchers at a 1-week intensive summer technology workshop for young children investigated children's PTD engagement while one group used ScratchJr and another used the KIBO robot (Pugnali et al., 2017) . Children demonstrated high overall engagement with PTD constructs, although ethnographic observations revealed qualitative differences in how children engaged in PTD (Pugnali et al., 2017) . For example, both groups engaged in communication, but children working with the physical robotic kit were able to use visual cues (e.g. looking around the room) to get inspiration from friends or alert a teacher to off-task behavior, while children using the tablet-based ScratchJr were less likely to view each other's projects, and more likely to verbally communicate with friends for ideas or ask teachers for help.
Researchers have also explored PTD engagement in school settings. In five English-speaking schools in Singapore, 98 preschool children were assessed on their PTD engagement during a structured 7-week robotic intervention . Observational checklists called "PTD Checklists" were used to categorize children's behavior along 5-point Likert-style scales to determine how often they demonstrated PTD behaviors. On average, children showed high engagement in all areas of PTD except for community building and choices of conduct. The authors hypothesized that the high engagement with other aspects of PTD was related to the focus of the robotics curriculum on building and programming robotic technologies.
Purpose of the Present Study
In the current study, we depart from previous work on PTD by observing children in informal, open-ended play sessions in a makerspace rather than during structured curricular activities. The makerspace setting and technological tools available to children were all designed or selected to align with the PTD framework. The purpose of this study is to learn the affordances of the space and learning community for supporting PTD engagement. In order to capture children's PTD outcomes, we applied ethnographic methods for observing PTD (Bers et al., 2009; Sullivan et al., 2017) , combined with a modified version of the PTD Checklists used by Sullivan and Bers (2017) . This study addresses the following research questions: 1) How can Kindergarten children in a makerspace engage with the different aspects of Bers' (2012) PTD framework? 2) Which elements of the learning environment specifically supported children's PTD? Question one pertains to group dynamics, and so children's behaviors were categorized with PTD checklists at the aggregate level. The average amount of PTD behaviors across all children comprised the PTD engagement of the group being observed. We hypothesized that children would engage equitably in all aspects of PTD, because the space was designed with all PTD aspects in mind. In order to address question two, the PTD checklist was modified to apply to teachers and the physical space, to capture the holistic learning environment. we hypothesized that the space would support all aspects of PTD because it was designed to align with the PTD framework, while educators might have different strengths across the aspects because people have diverse experiences that might not necessarily align with a learning framework like PTD. Further, we hypothesized that teachers would show lower engagement in aspects of creativity and content creation. This hypothesis is consistent with prior findings from teacher professional development research, which shows that teachers can be unconfident with novel technologies and hesitant to try new tools themselves (Ber et al., 2013) .
METHOD
Participants N = 20 participants (n = 3 teachers, n =17 children) from the Eliot-Pearson Children's School (EPCS) engaged in open-ended learning activities in the Early Childhood Makerspace at Eliot-Pearson. EPCS is a private, tuitionbased school in Medford, MA that offers needs-based aid to eligible families according to Massachusetts state guidelines. It is also a laboratory-demonstration school affiliated with the Eliot-Pearson Department of Child Study and Human Development at Tufts University. The Children's School enrolls approximately 80 children. It has preschool through second grade classes that vary in length and frequency. The school curriculum focuses on inclusion, and the administration has a stated mission of recruiting a diverse student body that is representative of the local neighborhood and context.
Measures
Data was collected using two (2) different 18-item observational instruments called PTD checklists (See Appendix A: PTD Engagement Checklists). These two checklists are designed to capture the participant behaviors and environmental affordances of an active learning environment and categorize findings into the 6 behaviors identified by the PTD framework. The checklists used in this study are based on existing checklists Pugnali et al., 2017) , but refined for clarity. Additionally, the "environment checklist" was developed to capture educator and learning space affordances, whereas previous checklists had only focused on children's behavior. All items were rated on a Likert-type scale ranging from 1 (never) to 5 (always), with "not applicable" available as an option for each item. Sample items on the children's checklist included "Children iterate on projects" (content creation) and "Children engage in conversation (verbally or non-verbally) with adults" (communication). Sample items on the environment and educator checklist included "There is evidence in the space of the local location or context" (community building) and "Facilitators engage children in non-judgmental conversation about choices" (choices of conduct). Two researchers observed each of the six total sessions during the 2-week data collection period. Each researcher collected two checklist observations per group visit: one checklist for children's behaviors, and the other for the learning environment and teacher. Twenty-four total checklists were collected, representing 6 hours of observations.
Researchers also collected data in the form of video footage of all makerspace interactions, with two cameras capturing opposite angles of activity in the space. To address the small sample and enrich the quality of conclusions drawn from the data, researchers transcribed and coded interactions from all three teachers and a random selection of six children to serve as single-case study subjects (Guest et al., 2011; Saldaña, 2015) . These transcripts and videos were coded using confirmatory thematic analysis to identify and code patterns of actions and behaviors that children engaged in while using technology (Guest et al., 2011) . These behaviors were categorized into the research constructs of the PTD framework, with a positive or negative valence to indicate when children were exhibiting pro-or anti-construct behaviors. For example, sharing with peers was a positive valence of collaboration, while withholding materials was a negative valence. Through this hypothesis-driven coding process, researchers arrived at several case stories to contextualize and describe findings from the quantitative PTD checklist observations.
Addressing Bias
This study is a sub-project of the Making Engineering Playful in Schools project, a collaboration between the Developmental Technologies Research Group at Tufts, the Center for Engineering Education and Outreach and Tufts, and the LEGO Foundation. The current protocol for this research has been ethically approved by the Tufts University Institutional Review Board (IRB). Consent forms to have their child's data and image used for research purposes were distributed to parents through outlets in their school community, with no consequences for parents who declined consent. Since the study was also providing an educational service for the host school, the principal granted consent as the curricular custodian to allow all Kindergarten children to participate in the makerspace intervention, even if data was not being collected on their progress. This was done to avoid the ethical issue of removing a child from an educational experience freely offered at the school.
Procedure
All data was collected within the Early Childhood Makerspace at Eliot-Pearson. Although children attended sessions during the school day, their visits in the makerspace were unstructured and more like free-play time. The makerspace was designed to support PTD behaviors through its space arrangement and the technologies offered . There are tools and materials for children to explore large-scale and small-scale building, robotics, programming, circuitry, simple machines, and traditional arts and crafts. Additionally, the furniture is modular and movable, so children can work sitting, lying, or standing up, and can even construct new furniture out of large building kits (see Figure 2) .
The three Kindergarten teachers collaborated with researchers to plan makerspace sessions. At the teachers' recommendation, children came to the makerspace for weekly 60-minute sessions over the course of four weeks. This allowed children enough time to become deeply involved in personal making projects. Teachers recommended that children come in groups of about 5-6 so that they could engage in collaborative making experiences without being interrupted by chaotic group dynamics. They decided that each group should only come with one teacher at a time, to encourage child-directed activities. This resulted in three consistent groups (named 1, 2, and 3) that visited the space each week.
Three teachers participated in the current study. To clarify results, teachers will be referred to by the group of children that they worked with (e.g. teacher 1 worked with group 1). The teachers represented a diversity of teaching experience. Teacher 1 had over 20 years of experience working with early childhood, teacher 2 was in her first teaching year, and teacher 3 had four years of experience.
Although groups visited each week, data was only collected during the second and third weeks of makerspace visits. Researchers wanted to give children time to become accustomed to the space during the first visit, but also wanted to capture children as their making community was being formed before unseen social dynamics developed among the children and educators. The data collected represented a cross-sectional 2-week segment of each group's total makerspace activity.
Analysis
PTD Checklists were analyzed to determine children's PTD behaviors and the PTD affordances of the environment. Interrater agreement across the checklist items was sufficiently high (36 items; α = .67) to evaluate average ratings. No items were marked "Not Observable," and there is no missing data. Due to the small sample size (n = 17) and the pilot-nature of the observational instruments used in this study, results were not analyzed using statistical tests. Instead, descriptive statistics were calculated from checklists. Scores from the PTD checklists were averaged and compared for trends, and compared with ethnographic observations to clarify findings.
RESULTS
In this section, statistics and trends from the PTD checklists are explored, and situated in the context of relevant observations. Researchers examined ethnographic field observations and videos of children's making activities to find examples of teachers and space supporting children's engagement in PTD behaviors. Illustrative vignettes are provided throughout to demonstrate children's activities. Results are presented in order of the research question they address. All names used are pseudonyms. 
Children's PTD Engagement
This section addresses the first research question, "How can Kindergarten children in a makerspace engage with the different behaviors identified by the PTD framework?" Scores from children's PTD checklists were averaged across all child participants (see Figure 3) . Children earned a score between 4 and 5 on behaviors aligned with communication, content creation, creativity, and choices of conduct, meaning they exhibited those behaviors often (4) or always (5). Children showed collaboration and community building "Sometimes". None of the behaviors earned averages of 2 (almost never) or 1 (never).
Children demonstrated deep engagement with many of the aspects of PTD. The three vignettes below describe real examples of children engaging in collaboration, content creation, and choices of conduct in the makerspace.
Collaboration. Sonya asked her teacher for help because she wanted to make a wheelchair. Teacher 3 reminded her that Tony made car during their last visit, so she might ask him. Tony began to help Sonya, saying "you have to start with four wheels." She got to work, showing him her blocks and saying "I need four wheels. Is this four?" The boy held the wheels, saying "this is how it's supposed to be" and tried to connect them. When his construction fell over, he laughed and said "sometimes it doesn't go the way you want it, so you have to be flexible." He continued screwing and unscrewing wheels onto her construction while she tied a rope to one end of her . A child works with a circuit set to build a "light that will stay on even when my finger isn't pushing the button wheelchair, which she explained was there "so someone can pull it behind them." Tony and Sonya worked together toward a shared goal, to make a wheelchair, through their collaborative building.
Content Creation. A young boy named Leo became very interested in a small circuitry set (see Figure 4) . He began to work alone on the kit, explaining that he loved electricity, and soon two friends were working with him. He often shouted exclamations like, "look what I made!" and "Yes! We did it!" When his teacher asked why he used a certain part in his circuit, he explained, "the switch is what I want, because then the light stays on even when my finger isn't pushing the button!" In this example, Leo was engaging deeply in content creation, as he built his circuit set to fit his goal.
Choices of Conduct. In group 3, Eloise was very curious about injuries, and frequently played make-believe games about medicine and healing. One day she decided to make crutches. Other children became curious about her crutches and after watching her work for a few minutes, another girl began to build a wheelchair (see Figure  5 ). While they worked, teacher 3 asked what they were building and Eloise replied, "engineers make things to help people so we are helping people also. People who can't walk might need this." Although she could have built anything, she chose to construct a helpful creation to solve a problem that someone else might have.
When it came to differences across children in separate groups, the average number of behaviors was only slightly diverse from the overall trend (see Figure 6) . The similarities across groups are probably due to the fact . This chart displays the average number of times per session that separate. Group 1 is shown above in blue, group 2 is in red, and group 3 is in green that children all came from the same Kindergarten class and spent much of their time involved in the same instructional activities. However, there were slight differences. Group 1 showed relatively higher than average scores for creativity, but somewhat lower than average scores in all other PTD areas. This may seem surprising, since teacher 1 had much more teaching experience (over 20 years) than her teaching assistants. However, the trends in her children's behavior may be explained by the fact that she assigned herself the children who required the most specialized attention and were more demanding to work with than children in the other groups. Group 2 and group 3 were very similar in almost all behaviors, with group 3 scoring very slightly higher in communication and content creation. In general, these trends suggest that within each group, children followed the same overall trend of sometimes demonstrating collaboration and community building behaviors, and often (4) or always (5) showing the four other PTD behaviors. Although it is likely that children demonstrated similar trends because they came from the same classroom, the next section explores whether the learning environment and teachers could account for any of the variation in children's behaviors.
Environmental PTD Affordances
In this section, we turn to the second research question, "Which elements of the learning environment specifically supported children's PTD?" Scores for the amount of environmental PTD supports were averaged across all 6 sessions (see Figure 7) . Observations from this checklist capture a combination of the physical environment (the room, the materials, the furniture) and the teaching environment (the teacher's behaviors and interactions with children). Overall, the physical and teaching environment always (5) or often (4) supported communication, collaboration, and creativity. Content creation and choices of conduct were often (4) or sometimes (3) supported, and community building was supported sometimes. None of the PTD aspects were "Never" or "Almost Never" supported.
The learning environment was instrumental in supporting children's PTD engagement. The three vignettes below describe real examples of teachers and the environment supporting children's communication, community building, and creativity in the makerspace.
Communication. During an early visit to the makerspace, teacher 1 prompted children to look around and record their observations before beginning to work (see Figure 8) . She also remarked on their activity with comments like, "I see you are so excited about that funny robot. I wonder what you will make with it?" or "I want to know what's that in your hand. I see you are holding something, what will you make with it? What will it be?" Through her words, teacher 1 modeled for children how to observe and use descriptive words, and supported a plurality of expressive forms by allowing them to communicate their observations by speaking, writing, or drawing.
Community Building. During circle time at the end of one makerspace visit, teacher 1 asked to shake hands with girls Zoe and Hanna, saying "I want to congratulate your teamwork -so peaceful! Did you tell each other your ideas?" Zoe replied, "Yes, I said why don't we make a race car and she said why don't we make a house?" In this exchange, teacher 1 showed that in addition to the traditional teacher role of mediating social challenges, she Figure 7 . his chart displays the average amount of support for each of the "6 Cs" behaviors of PTD that the overall physical and teaching environment provided per session also rewarded social successes. By waiting until circle time, she allowed the whole group to take part in this moment of social harmony and strengthened their shared community.
Creativity. Teacher 2 observed while Louis balanced two pieces of cardboard. After looking around, he used a piece of plastic to join the two pieces. He was about to take it apart when Teacher 2 said, "Louis I had no idea you could build like that! You are so creative; do you have a plan about what you're working on?" He considered his building, and then said "no, but it's going to be a house. Look what I'm going to do next" (see Figure 9) .
Teacher 2 validated Louis's building endeavor and gave him the confidence to continue with his creative exploration.
Observations from this checklist capture a combination of the physical environment (the room, the materials, the furniture) and the teaching environment (the teacher's behaviors and interactions with children). In the next sections, PTD support scores for the physical and teaching environments will be explored separately.
When it came to teachers, all three showed high support for PTD behaviors (see Figure 10) . Checklist scores revealed that all three teachers always (5) or often (4) supported all aspects of PTD, with the exception of content creation. All three teachers only sometimes supported this behavior. When it came to the physical environment, the space afforded many opportunities for PTD engagement (see Figure 11) . The materials and furnishings often (4) or always (5) supported communication, collaboration, content creation, and creativity among children. The physical space sometimes (3) or often (4) supported children to make positive choices of conduct. The space was less supportive of community building behaviors, with communitybuilding décor and materials evident only sometimes (3) or almost never (2).
Overall PTD Engagement
Taken together, the findings reflect a few overall trends. Figure 12 shows a visual representation of the relationships among the environment, the teachers, and the children across each aspect of PTD. In general, there was moderate-to-high PTD support in the environment and from teachers, which corresponded with moderateto-high PTD engagement from children. Specifically, Teachers (represented in red) showed the highest support for choices of conduct and community building, over and above what the environment supported. The environment (shown in green) afforded the most opportunities for creativity and content creation, even beyond teacher support. Finally, although children (shown in blue) experienced high support for all aspects of PTD from Figure 10 . This chart displays the average amount of support for each of the "6 Cs" behaviors of PTD that each teacher provided per session Figure 11 . This chart displays the average amount of support for each of the "6 Cs" behaviors of PTD that the physical environment offered either teachers, the environment, or both, children still showed somewhat less evidence of collaboration and community building compared to other behaviors. In the next section, we explore possible explanations for these relationships.
DISCUSSION

Summary of Findings
In this study, we sought to address findings related to the following research questions: 1) How can Kindergarten children in a makerspace engage with the different aspects of Bers' (2012) PTD framework? 2) Which elements of the learning environment specifically supported children's PTD?
Regarding question 1, we hypothesized that children would engage in all aspects of PTD equally. In fact, we found that children engaged in most PTD aspects, but showed somewhat less evidence of collaboration and community building. For question 2, we hypothesized that the space would support all aspects of PTD. Contrary to our hypothesis, the space demonstrated support in most areas except for community building. We hypothesized that educators might show diverse levels of support for different aspects of PTD, but in fact all three educators supported the different aspects of PTD in similar amounts to each other. Finally, we hypothesized that teachers would show lower support of creativity and content creation, based on prior research that teachers can be unconfident and hesitant when using new technologies . Although all three teachers showed relatively low support for content creation, they were highly supportive of children's creativity. We've synthesized these findings into three core findings:
1) Children's creativity and content creation can be best supported by offering a unique and technology-rich learning environment.
Results show that teachers and the environment offered plenty of opportunities for PTD engagement across most constructs, although they did not always overlap in their areas of high support. For example, the environment was more supportive of content creation and creativity than teachers were. This makes sense, since one would expect the tools and materials in the room to inspire children to build, program, and create. Still, children were able to demonstrate high engagement with most of these constructs. This finding is heartening in light of the challenges of technology integration facing teachers, because even teachers who are nervous about using technology can offer an environment that supports children in their Figure 12 . This chart represents relationships among children, teachers, and the environment across all dimentions of PTD digital creation. Additionally, this finding offers support to the claim made earlier in this paper, that a welldesigned space can offer learning supports that supplement and complement what teachers can offer.
2) Children's community building and choices of conduct can be best supported by caring and responsive teachers.
As mentioned in the previous proposal, teachers and the physical environment can successfully support children's PTD engagement in complementary ways. In this sample, teachers were more supportive than the space when it came to choices of conduct and community building. This is logical because teachers are human supports, so they are naturally better able to support social and moral development. This proposal is the complement of the above point, which is that in some areas, a good teacher can provide learning supports even when they are absent in the environment. 3) Even with highly supportive teachers and physical environments, children may not be developmentally ready to engage in all aspects of PTD behaviors.
In general, students showed high PTD engagement when both teachers and the environment supported that behavior, but not always. For example, despite strong support from teachers and the environment, children were not often observed in spontaneous collaboration. Further, those children who did regularly collaborate were often older or more socially developed than their more individualistic peers. We suggest that this finding does not reveal a problem, but instead shows the natural diversity of developmental levels in any early childhood class. Children's individual developmental rhythms are highly variable (Phillips and Shonkoff, 2000) . From a developmental perspective, it makes sense that Positive Technological Development is also highly individual and diverse among students. In this study, most students were somewhat less inclined to collaboration, meaning that perhaps this aspect of PTD requires more social development than the typical Kindergartener possesses. As children become ready to explore this out-ofreach skill, a strong support system of educators and environment are the best preparation to help them grow (Vygotsky, 1963) . These findings are all supported by the overall trends represented in Figure 12 . Recall that the environment and the teachers showed slight variation how they supported PTD, and that children demonstrated yet a third pattern of PTD engagement. The overlapping points on that chart suggest that in some cases, it can be enough for only one element of the learning context to support children's PTD engagement. For example, children's engagement with content creation matched the environmental support for that aspect, and the opposite was true for choices of conduct, where child behaviors were more closely aligned with the amount of teacher support. In contrast, children's engagement with community building was somewhere between the amount of support from the environment and the teachers, indicating that children may need more support in this aspect than others. Finally, despite high support for collaboration from teachers and the learning environment, children still showed slightly less engagement, suggesting that children are still developing readiness for this aspect. These findings shed light on the nuanced and complex relationship among children and the many aspects of their learning context. Practitioners and researchers alike can use the results presented here align technology-rich learning experiences with the PTD framework to best support children's psychosocial development.
LIMITATIONS AND FUTURE WORK
The primary limitation of this study is the sample size. With a sample of n = 17 children and n = 3 teachers, it was not possible to conduct statistical analyses on the quantitative checklist data. Conducting this study with a larger sample could shed light on the statistical viability and replicability of the trends observed in this pilot work. However, the small sample also allowed for rich ethnographic observations to contextualize findings, offering credibility to findings from a qualitative perspective.
The PTD checklist instruments used in this study were based on prior research, but heavily adapted for the current study, and this was the first implementation of the environment checklist. Future work should explore this pilot instrument and validate it for research purposes. Despite this limitation, findings from the checklist correspond with qualitative observations. Although it is not validated for research use yet, it is a useful tool for practice-based settings, such as classrooms and makerspaces. Currently, there are few practical tools for evaluating the developmental appropriateness of digitally-enriched or traditional learning settings (Kuh et al., 2013; Olds, 2001) . These checklists may be useful for educators and curriculum developers who hope to determine the PTDalignment of their teachers and learning space.
Additionally, researchers might want to articulate broadly-applicable recommendations for designing spaces to support each of the 6 Cs of the PTD framework. Currently, these recommendations exist for designing tools and lesson activities. Given the findings in this study about the importance of space in shaping the learning experience. Specific strategies should be developed to guide the development of learning spaces, particularly informal spaces where there are relatively fewer policy-level standards and recommendations to look to for best practices.
Finally, future work could apply this study method to a variety of learning settings. The current setting was designed with PTD in mind, but the vast majority of learning spaces (especially in public schools) are not. Many informal afterschool clubs and extracurricular activities are held in whatever space is available, even in janitor's closets and auditoriums. In order to determine the impact of space on learning, it would be beneficial to compare results from these kinds of spaces, to determine how best to overcome deficits in the learning environment and still support children's PTD engagement.
CONCLUSION
As demonstrated through this ethnographic study of an informal early childhood makerspace, the learning environment plays a critical role in supporting children's positive technological development. Children in this study demonstrated high engagement across PTD behaviors, with somewhat lower evidence of collaboration. Teachers and the physical learning environment worked in complementary ways to support children's PTD engagement, overlapping in key areas of communication and collaboration. Teachers showed better ability to support social aspects of PTD, and the environment was better able to support content creation and creativity. Kindergarten children are experiencing transitional stages of development. Still, teachers in this study clearly felt that it was important to "stack the odds" by proving the best possible opportunities to engage in positive growth behaviors. It makes sense that children's learning environments, too, should be equally intentional and supportive of children's developing skills.
As new technologies and learning approaches develop and schools and informal spaces seek to keep pace with the future of education, it is important to remember the human element of learning. Digital experiences need to support children in character, moral, social, and emotional growth as well as cognitive learning experiences. Tools that narrowly support one domain or skill (sometimes called "drill and repeat" or "edutainment" tools) can lead educators to distrust new learning technologies (Banas, 2010; Bers et al., 2013; Mumtaz, 2000) . However, the tenets of Positive Technological Development remind us that we do not need to choose between healthy development and technology-rich learning. Instead, it is up to researchers, policy makers, and practitioners to make choices that forefront developmentally appropriate tools and spaces, so that children reach their developmental needs by using technology and not by avoiding it. Actions like observing children while they use technology to understand their PTD engagement and designing technology-rich spaces and teaching interventions to fit the PTD framework, are the first steps to ensuring that children are engaging in positive development through technology.
On a scale from 1 to 5 (with 1 = Never and 5 =Always), how often do students do the following? Please select one. 
